INTRODUCTION
Plutonium that was produced previously by the nuclear weapon tests has been dispersed in the atmosphere, besides, Pu-238 was dispersed in upper atmosphere by the burnt up of SNAP-9A in its operation in 1964, and these plutonium have fallen down gradually on the earth.
It is reported that the total amount of Pu-239+240 and Pu-238 deposited on the ground in Tokyo reached to 1.16 mCi/km2 and 54 pCi/km2 respectively by the end of 19741'. On the other hand it is noticed that the environmental contamination with plutonium, produced by a number of nuclear power industries and discharged into environment by spent fuel reprocessing plants, shall be increased gradually.
These plutonium isotopes and their compounds have been taken into human body via ingestion and inhalation and they have been accumulated in various organs.
Some reported data2-11 of the concentrations of Pu-239H-240 in human organs hav ing been collected in the various countries of the world up to date, were listed in Table 1 . The report concerning the concentrations of Pu-239+240 in human organs of the Japanese was presented previously4°5'. The purpose of this paper is to inves tigate the concentrations of Pu-239+240 in various human organs of the northern Japanese in more detail. In Japan, along the northern Japan Sea side the specific activity of fallout is higher and the amount of rainfall is more than the district along the Pacific Ocean. Niigata prefecture is situated along the Japan Sea (vide. Fig. 1 ), and the amount of fallout of the prefecture is seemed to be large.
It is interesting at this point of environmental pollution to discuss the dynamic aspects of the selective accumulation of Pu-239+240. 2) Pretreatment of samples : Samples were treat as follows. The samples were completely digested with concentrated HNO3 and 30% H2O2.
3) The procedures of " Separation of plutonium " and " Measurement of pluto nium " have been reported in detail previously". Table   1 The concentrations of Pu-239+240 in various human organs (Table provided by Okabayashi from research by references.)
RESULTS AND DISCUSSIONS
The concentrations of Pu-239+240 in the various human organs are shown in Table 2 .
There was the large amount of scatter in the concentration of each organ, and this showed the nonuniform distribution of plutonium in organ.
The difference of concentration of Pu-239+240 among the organs of the same individual was obvious, and this is indicated in Table 3 .
The Concentration of Pu-239+240 in each organ is as follows.
CEREBRUM : The concentrations of plutonium in cerebrum have not been reported before. According to our measurement the averaged concentration of Pu-239+240 in cerebrum was 0. 5 fCi/gram fresh weight and this value was the lowest concentration in organs measured. 
The main intake route of plutonium in a human being is dued to inhalation and it is suggested that the concentrations of plutonium in lung is higher than other organs.
The reports of P. W. Krey et al." and E. E. Campbell et al." show the con centrations of Pu-239+240 in lung are higher than other soft tissues except lymph node and gonad, but by the report of P. J. Magno et al." the concentration of Pu-239 +240 in lung is lower than that in liver. The averaged concentration of Pu-239+240 in lung measured by us was 1.2 fCi/g.f.w. and this value was higher than the averaged concentration of liver, spleen, kidney, testicle and uterus, but this was lower than that of heart, ovary and bone. HEART : It is considered by the experimental results that the concentration of pluto nium in heart may be low, but the measurement of Pu-239+240 in heart reached 2.3 fCi/g.f.w. and showed higher concentration than to be expected.
It is not found the reason why the concentration of plutonium in heart became high.
To find the reason further measurement of the samples shall be carried on. LIVER: It is suggested that liver is a critical organ for plutonium deposition together with bone. But the concentration of plutonium in liver was not so much high and the averaged concentration of Pu-239±240 in the Japanese liver was 0.8 fCi/g.f.w.
This value is like the value reported by P. J. Magno et al." though lower a little than the value reported by E. E. Campbell et al.". SPLEEN: The value of concentration of plutonium in spleen having been reported are a few. The averaged concentration of twelve samples that was measured by us was 1.1 fCi/g.f.w.
E. E. Campbell et al." reports that the concentration of Pu-239+240 in spleen comes to 3.2 fCi/g.f.w., and this value is averaged only two samples, therefore it is doubtful that this value shows the real concentration of plutonium in spleen or not. Our averaged value (1.1 fCi/g.f.w.) was higher than liver and kidney.
According to an experimental result with dogs conducted by P. E. Morrow et al. in 1958", the inhaled plutonium reaches spleen more than liver.
Critical organs for plutonium are recognized as bone and liver, but as the con centration of plutonium in spleen is higher than in liver, the accumulation of pluto nium in spleen also should be noticed.
KIDNEY : The concentrations
of plutonium in kidney reported are 0.5 fCi/g.f.w.2' or 0.7 fCi/g.f.w.", and our data (0.6 fCi/g.f.w.) agreed with these values. The accumula tion of plutonium in kidney was lowest among various soft tissues except cerebrum. GONAD : The concentrations of Pu-239+240 in testicle, uterus and ovaries were mea sured separately and the averaged concentrations were 0.9 fCi/g.f.w., 0.8 fCi/g.f.w. and 3.4 fCi/g.f.w. respectively. The concentration of ovary was the highest among the Japanese human organs and the concentrations of gonad reported by others are 3.6 fCi/g.f.w.2' or 8.6 fCi/g.f.w.", and these values are also the highest among other soft tissues except lymph node.
Since the number of samples measured by us is a few, we intend to carry on the measurement of gonad samples and to investigate the transfer mechanism of plutonium from source organs to gonad. BONE : It is considered that plutonium is a bone seeking element. In fact, the con centrations of plutonium in rib reported are 2.9 fCi/g.f.w." or 3.2 fCi/g.f.w.", and these values are higher than soft tissues except lymph node and gonad.
The concentration of Pu-239±240 averaged in bone measured was 2.7 fCi/g.f.w., and this value agreed with the other values reported and was recognized as a bone seeking element. LYMPH NODE : It is reported that a fraction of any insoluble particulate deposited in the pulmonary region of lung is transferred to the lymphatic system and entrapped chiefly in thoracic lymph nodes. In fact, the reported concentrations of plutonium in lymph nodes are several times higher than other organs.
Since the measurement of lymph node is not conducted by us, data of Japanese are not shown here .
ON THE ROUTE OF INTAKE AND THE ACCUMULATION IN ORGANS :
The main routes of plutonium intake in the general population are inhalation and ingestion. When the radioactive material is continuously taken into a human body , it is assumed in ICRP8 that they are accumulated into the critical organ at the rate of P ,pCi/day and that the biological elimination from the critical organ follow a simple exponential law . This relationship is expressed by the following equation.
Q= P (1 -e-~t) Table 4 . Table 4 Biological and physical data for Pu-239 (from ICRP Pub. 2) However, the particle size of airborne fallout that was inhaled is assumed to be a-AMAD of 1.0p as a standard particle by the Task Group on Lung Dynamics for Committee II of the ICRP9'.
Depend on this particle size and the Lung Model of the Task Group , the transfer rate of inhaled Pu02 from lung to liver (f(a)) become 2 .1X 10-2.
On the other hand, the absorbed rate of Pu02 that was ingested is suggested to be about 10-6 in the ICRP Pub . 1910), therefore following ingestion of relatively in soluble material such as Pu02 the transfer rate of liver j(,)) is suggested to be about 4.5 X 10-7.
It is estimated in the ICRP Pub. 1910' that the half-time of retention of plutonium in the human skeleton and liver are about 100 years and 40 years respectively . As the physical half-life of Pu-239 is 24400 years , the effective half-life of plutonium (T) in the human skeleton and liver are 99 .6 years and 399.9 years respectively .
The fission products that was followed the nuclear explosion tests began to detect from 1954 in Japan. The large majority of organ samples that was analyzed by us was collected from 1969 to 1973, and the offerers of organs had lived from 1954 to collecting time. Therefore, we made the exposure time (t) to 19 years from 1954 to 1973. We calculated the liver burden of Pu-239+240 from the equation (1) and above mentioned values.
When the mass of liver is considered to be 1.8x 103 g a Japanese liver burden of Pu-239+240 comes to 1,440 fCi. If this liver burden is derived from inhalation of the nuclide in the atmosphere the amount of daily intake of Pu-239+240 due to inhalation is 12 fCi/day after the calculation by the equation (1) .
The volume of air that is inhaled by an adult per day is assumed 20 m3, con sequently the concentration of Pu-239+240 in the air becomes to 0.6 fCi/m3. This value agreed with the concentration in the air reported by P. W. Krey et al.') On the other hand, if the liver burden is derived from ingestion of daily diet, the amount of daily intake of Pu-239+240 is 550 pCi/day and this value is about 3000 times higher than the data of concentration of plutonium of diet measured by us").
In the same manner of the case of the liver, the bone burden is also more affected by inhalation than by ingestion as previously reported').
From these results it is considered that the plutonium deposited in human organs is far attributable to inhalation than to ingestion. CONCLUSIONS 1) Bone and liver are defined as the critical organs of plutonium and when con siders the accumulation of this nuclide in spleen and gonad, these organs are also considered to be critical.
2) It is considered that plutonium deposition in human organs is due more from inhalation of contaminated air than from ingestion, therefore the care must be taken to the inhalation of this nuclide.
3) As the distribution of plutonium in human organs is nonuniform, the true whole organ burden of the nuclide are unable to assume from scanty results.
